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INTRODUCTION
This report is a compilation and preliminary interpretation of geochemical results from the Cobblestone Creek study area. Sampling for this report was conducted by Arctic Slope Consulting Engineers (ASCE), now the Arctic Slope Consulting Group, during the 1985 and 1986 field seasons. The Cobblestone Creek study area is located in the southeastern Chandler Lake 1° x 3° quadrangle on the north flank of the Brooks Range (see location map, Plate 1). The Cobblestone Creek study area comprises 1,050 mi2 (2,717 km ) of the Arctic Foothills Belt and the adjacent Brooks Range. The study area is located approximately 40 miles (64 km) east of the village of Anaktuvuk Pass; access is limited to air travel.
The topographic relief in the study area ranges from average elevations of 1,000 ft (307 m) in the Arctic Foothills Belt with a maximum elevation of 6,240 ft (1,914 m) in the adjacent mountains of the Brooks Range. The relief in the southern part of the Cobblestone Creek study area is rugged and mountainous with youthful stream drainages. Outcrops are abundant and the stream drainages occasionally contain low shrubs and black willow.
The sharp transition in the topographic relief, as shown on plates 1 and 2, marks the change in the physiographic boundary between the Arctic Foothills Belt and the Arctic Mountains Belt of Wahrfatig (1965) . This break in topography, at approximately Township 11 South, delineates the mountain front.
North of the mountain front is the low tundra mantled hills of the Arctic Foothills Belt. The bulk of the sampling is located in the Arctic Foothills Belt of the study area. In the Arctic Foothills Belt, interstream uplands are underlain mostly by Quaternary alluvium and silt, sand, and clay deposits, frost rubble outcrop, and low shrubs and usually have narrow incised drainages. The climate is arctic, with rainfall not exceeding 10 inches (30 cm) per year.
The geochemical data in this report were collected as part of an ASCE project which evaluated the mineral resources of Arctic Slope Regional Corporation (ASRC) lands in the Central Arctic. ASCE collected geochemical samples in conjunction with geologic mapping on ASRC lands in the Cobblestone Creek area. The Cobblestone Creek study area is partly comprised of lands whose mineral rights are owned by the Arctic Slope Regional Corporation (ASRC). The remaining lands are included in The Gates of the Arctic National Preserve and Gates of the Arctic National Park to the south and State of Alaska and federal lands. The geochemical data and geologic observations from the Cobblestone Creek area have been provided to the USGS by ASCE and may contribute to estimates of North Slope hydrocarbon and mineral resources.
undivided Cretaceous Jurassic-Cretaceous unit consisting of shale, siltstone, and sandstone. Cretaceous strata are represented by seven formations in ascending order: the Torok Formation, Cobblestone sandstone unit, Fortress Mountain, Grandstand Formation, Chandler Formation, and the Seabee Formation. The Seabee Formation occurs along the north edge of the map area shown on Plates 1 and 2. Volcaniclastic components, represented by bentonite and feldspathic fragments, appear in the Ninuluk Formation of late Cretaceous age. Quaternary alluvium and glacial deposits (Hamilton, 1979) overlie much of the Arctic Foothills Belt in the Cobblestone Creek study area.
GEOCHENICAL SAMPLING PROGRAM Sample Collection
Analyses of the stream-sediment samples primarily represent the chemistry of the rock material eroded from the drainage basin upstream from each sample site. In addition, absorbed metals may form a large contribution to the elemental concentrations in the stream sediments representing hydromorphic anomalies moved from depth via groundwater system through seeps and springs to the sediments sampled. Information derived from stream-sediment sampling is useful in identifying those basins which contain concentrations of elements that may be related to mineral deposits.
We collected stream-sediment and rock samples at 314 sites (see Plates 1 and 2). The sample population consists of 61 rock samples or 20 percent of the total and 253 stream-sediment samples. Sampling density varies between one sample site per 5 mi2 (8 km2 ) and one sample site per 0.5 mi2 (0.8 km2 ) for the stream-sediment and rock samples. The area of the drainage basins sampled ranged from 0.5 mi (.8 km2 ) to about 10 mi2 (16 km2 ).
The stream-sediment samples consisted of active alluvium collected primarily from first-order (unbranched) and second-order (below the junction of two first-order) streams, as shown on USGS topographic maps (scale = 1:63,360). Each sample was composited from several localities within an area that may extending as much as 100 ft (30 m) upstream or downstream from the site plotted on the map. Each bulk sample was screened on-site with a 2.0-mm (10-mesh) screen to remove the coarse material.
All rock samples were composites of the outcrop. The rock material was generally fresh with little weathered material included at the majority of the sample locations. Care was taken to collect rock samples that were representative of the outcrop.
Sample Preparation
The stream-sediment samples were air dried, then sieved using 80-mesh (0.17 mm) stainless steel sieves. The portion of the sediment passing through the sieve was saved for analysis. The minus-10 to plus-80 mesh fractions were saved for the gold analysis if the 80-mesh fraction was less than 20 g.
Rock samples were crushed to pass 80 percent through a 10-mesh sieve. The resultant minus-10-mesh sample was then split to provide a 200-400 g aliquot which was pulverized for analysis using an impact grinder. The final rock powder consisted of 50 percent 150-mesh and 99 percent 80-mesh with greatly reduced pulverizer contamination.
Sample Analysis
The stream-sediment and rock samples were analyzed for 23 to 32 elements using atomic absorption (AAA) and instrumental neutron-activation analysis (INAA) techniques by Steve Simpson, Bondar-Clegg Company, Vancouver, Canada. AAA techniques were used for analysis of copper, lead, manganese and zinc. Cold vapor atomic absorption (CVAA) was used in the analysis of mercury. Samples collected in 1985 were analyzed for 23 elements using INAA procedures. Samples collected in 1986 were analyzed for 25 elements by INAA; in addition, copper, lead, and zinc were analyzed by AAA. The digestion procedures used for the AAA methods are given in Table 1 . Selected rock samples in the 1986 data set also were analyzed for mercury and manganese. The elements analyzed in the 1985 and 1986 data sets and their lower limits of determination are listed in Table 1 . Analytical results from the rock samples, subdivided by geologic unit, are reported in Tables 2 and 4, and  analytical results from the stream-sediment samples are  reported in Tables 3 and 5. Standard AAA methods were used in the study; the CVAA method used was modified from Vaughn and McCarthy (1964) . In the INAA procedure, a minimum weighed amount of sample, usually about 5 g, is exposed to a flux of neutrons by inserting it into the core of a nuclear reactor. The elements become radioactive and emit characteristic radiation during subsequent decay. Each element emits a characteristic gamma-ray spectrum and a multi-channel detector is used to sort out these energies. By comparing the spectral peak positions and intensities with standards, the elements can be qualitatively and quantitatively identified. Chemical pre-treatment is not used in the neutron-activation procedure, as this reduces the possibility of losses and contamination.
All sample locations were digitized on a USGS topographic map base. The analytical results were entered into a micro-computer RBASE database file at ASCE. This data base contains both descriptive geological information and analytical data. The geochemical data and the locations were retrieved and sent the USGS for release in this report. The data were converted to a binary form (STATPAC) for statistical analysis and publication. Permission to release these data has been obtained from the Arctic Slope Regional Corporation. Tables   Table 1 lists the limits of determination for the method used in the study during both 1985 and 1986. Analytical results are presented in tables 2-5. Both latitude and longitude, as well as the Universal Transverse Mercator (UTM) locations of sample localities are reported. The sample sites are shown on the sample locality maps (Plates 1 and 2). Zinc was analyzed using both atomic absorption and neutron-activation procedures; these samples are denoted Zn for samples analyzed by atomic absorption and Zn-INAA for analyses by INAA. Elements analyzed, but below the limit of determination are indicated by an N, values for samples which were detected but not quantitatively determined are indicated by the less than (<) symbol, and values for samples which exceeded the upper limit of determination are shown by the greater than (>) symbol. A dash ( ) is used where no analysis was done for the element. Elemental concentrations are given in parts per million (ppm).
Description of Data

INTERPRETATION OF THE GEOCHEMICAL DATA
In this section, C.E. Barnwell presents a preliminary interpretation of the geochemical data collected from the Cobblestone Creek study area. This interpretation is limited because of the proprietary nature of work by ASCE. The report incorporates ASCE geochemical data from the Cobblestone area in east-west and north-south traverses, concentrating on (1) geologic units that contained the most favorable geochemical evidence of mineralization, and (2) on NURE sample localities (National Uranium Resource Evaluation; LASL, 1982) that showed anomalous concentrations of selected base and precious metals. Four areas of interest were defined on the basis of the clusters of anomalous samples in the study area: 1) the northwest quadrant, 2) northeast quadrant, 3) southwest quadrant, and 4) southeast quadrant. Each of the quadrants is generally underlain by different geologic formations.
North Cobblestone Area
The North Cobblestone area is that area north of the mountain front. The North Cobblestone area is underlain by Mesozoic and Cenozoic rocks of the Arctic Foothills Belt. Within this area, samples were taken in clusters in the northwest and northeast quadrants (Plate 2). The northwest and northeast quadrants represent geochemical transects of the Torok Formation and Cobblestone sandstone unit as defined in Kelley (1988) .
Major rock units of the North Cobblestone area include the Cretaceous Cobblestone sandstone unit (Kcs) which includes sandstone, siltstone, mudstone, conglomerate; the Torok Formation (Kto) which consists of shale, mudstone, siltstone, mudstone, and pebbly siltstone; the Fortress Mountain Formation (Kft) which consists of marine conglomerate and sandstone; the Cretaceous Grandstand Formation (Ktg) which consists of sandstone, shale, and siltstone; the Cretaceous Killik Tongue of Chandler Formation (Kck) which includes conglomerate, siltstone, shale and sandstone, and Niakogon Tongue of the Chandler Formation (Knc) which includes laterally equivalent marine and non-marine sandstones and siltstones respectively. Sandstones of the Niakogon Tongue sometime show heavy ironoxide staining and contain bentonite beds in the upper part.
Anomalous concentrations of several elements in the NURE and 1985 ASCE data sets drew our attention to the North Cobblestone area for detailed investigation in 1986. The Cobblestone sandstone unit (Kcs) and Torok Formation (Kto) are anomalous with respect to a select group of elements including gold. In this area of generally low background gold values, stream-sediment samples, 3615, 3821, 6412, 6194, 3617 and 6413 contain anomalous gold concentrations of 0.160, 0.045, 0.039, 0.088, 0.040 and 0.037 ppm respectively. All of the above samples were collected in the area mapped as Torok Formation described by Kelley (1988) .
The pebbly siltstone facies of the Torok Formation as described by Kelley (1988) is of interest also for its high values of manganese, mercury, and iron. The pebbly siltstone is often dense, and has a gun-blue metallic color in outcrop. Values of 0.18, and 0.22 ppm mercury were found in rock samples 1642 and 1643 respectively. Rock samples 1641, and 1642 are anomalously high in manganese with concentrations greater than 20,000 and 3,200 ppm respectively. Iron concentrations of samples from the pebbly siltstone unit of the Torok Formation are also anomalously high with values of 19, 20, 38, and 29 percent for rock samples 1641, 1642, 1677, and 1656 respectively. Samples of the pebbly siltstone facies of the Torok Formation are generally below the mean values for all samples for copper, zinc, and molybdenum for the entire 1986 data set. These elements are commonly mobilized by hydrothermal solution. The values of copper and molybdenum are also below the abundance values in average crustal rocks suggesting that the high manganese, mercury, and iron content of this rock unit may be syngenetically derived (Rose and others, 1979) . However, mercury can be mobilized in tectonically active areas and transported along major faults and mobile rock units (Rose and others, 1979) . Generally, geochemical analyses from stream-sediment samples in the area underlain by the Torok Formation are characterized by anomalous cobalt ranging from 30 to 80 ppm, and zinc values slightly above median values ranging from 200 to 500 ppm. Uranium in these samples is generally low, ranging from 2.4 to 3.0 ppm.
A genetic relation of the pebbly siltstone facies of the Torok Formation, as mapped in the Cobblestone area, to the Pebble Shale unit could be significant to tectonic interpretations in this area. The pebbly siltstone facies of the Torok Formation is similar in field appearance and description to the Cretaceous Pebble Shale unit found usually in the North Slope autochthonous sequence (Bird, 1987) . Tectonic interpretations including the presence of a rock unit genetically related to the Pebble Shale unit in this part of the Brooks Range may have significance with respect to hydrocarbon resource evaluations. A comparison of the geochemical analysis of the Pebble Shale unit with the geochemical results reported here may help indicate whether these two rock units are related in terms of paleoenvironment and tectonics. Anomalous concentrations of mercury, an element present in tectonically mobile regions, may possibly indicate greater tectonic displacement in this area than was previously considered.
Anomalous lead-zinc-barium or copper-lead-zinc suites typical of massive sulfide provinces were not found in any of our samples in the North Cobblestone area. Zinc values greater than the 99 th percentile in samples 3842 and 3849 may be related to the Cretaceous Cobblestone sandstone unit, but the high zinc concentrations may also be associated with the iron-rich seeps from which the samples were taken.
South Cobblestone Area
The South Cobblestone area is south of the mountain front (Plate 1). Two zones of elements having anomalous concentrations of several elements occur in the southern Cobblestone area:
(1) a barium-copper-uranium-zinc zone in an area approximately 0.5 to 1 mi (0.8-1.6 km) north of the mountain front, and (2) two spatially separated but geochemically related clusters of samples containing anomalous concentrations of gold. The barium-rich zone appears to be related to the Siksikpuk Formation. Metz and others (1979) The maximum value of gold detected was 0.11 ppm. The gold anomalies do not appear to associated with typical epigenetic or exhalative gold mineralization suites, (Rose and others, 1987, p. 106) . Values for arsenic, silver, antimony, selenium, and uranium typically associated with epigenetic and exhalative gold mineralization are below the median values at the Kuhsuhman Creek and Itikmalakpak Creek locations. Although many of these elements can be found at low concentrations in paleogold placer deposits, silver is usually present above mean values in gold placer deposits (Boyle, 1987) . The lack of anomalous silver values in these locations indicates a low potential for gold deposits.
Anomalous values of zinc greater than the 98 th percentile appear to be closely related to outcrops of Kayak Shale in the headwaters of Cobblestone Creek and Itkimalakpak Creek. 580,922 7,580,922 7,580,919 7,588,642 7,588,80 7,588,871 7,588,26! 7,589,001 7,589,37; 7,590,505 7, 588, 20; 7,588,20: 7,588,66( 7,591,253 
10,1 120 ----<10 <5 11,1 60 ---<10 <5 5,i 75 ----<lfl <5 11,1 <50 ----<10 <5 17, « <50 ---<10 <5 7,t <50 --<10 <5 1,5 100 2.8 <2 3 00 2.9 <2 2 0 2.8 <2 2 0 2.9 <2 2 0 7.5 <2 2 0 8.1 <2 4 0 6.3 <2 3 0 4.4 <2 2 0 3 <2 2 00
.8 <2 3 7.2 <2 2 8.6 <2 3 00 6.4 <2 2 00 12 <2 8 00 13 2 4 0 12 <2 5 0 13 <2 4 0 6.4 <2 2. 0 9 <2 5. 00 3.7 <2 3 <5fl ----<10 <5 1,400 .8 <2 3. <50 ----<10 <5
1.800 7 <2 8 <50 ----< <5fl ---< 78 ----<50 ----< 0 <5 1,700 2.1 <2 3. 0 <5 2,600 10 <2 4. 3 <5 8,900 10 <2 10 0 <5 3.500 11 2 5. 79 ----<10 <5 51000 8.9 <2 4. <50 ----<10 <5 5,400 5.9 <2 3. <5fl ----<10 <5 14,1 <50 ----<10 <5 13,1 <50 ----<10 <5 12,0 55 ----<1 89 ----< 79 ----< <50 ----< 79 ----< 00 8 <2 3. 00 6.9 <2 2. 00 7.1 <2 2. 0 <5 4,100 8.3 3 3. 0 <5 11,1 00 13 <2 3. 0 <5 14,000 <2 3. 0 <5 15,000 6.8 <2 2. 0 <5 14.000 1 <2 3. <50 ----<lfl <5 13,0 57 ---<10 <5 4,0 66 ---<10 <5 3,0 100 ----<10 <5 15,0
00
.2 <2 2. 00 11 <2 3. 00 10 <2 3. 00 10 <2 3. <50 ----<10 <5 500 1.4 <2 3.
<50 ----<10 <5 800 10 33. <50 ----<10 <5 1,600 8.3 2 . 54 ----<10 <5 1,500 10 <2 3. 58 ---<lfl <5 1,7 63 ----<10 <5 1,1 <50 ----<10 <5 7,605,865 7,606,203 ~,608,541 ,582,964 ,590,625 ,590,! ,591 ,591, ,5911 7,591,' 7,59! ",59! ,60 ,58 ,58 ,58 ,83 81 ,821 ,586,541 ,27' ,54 ,82 ,588,032 ,588,424 ,583,182 7,581,837 7,579,978 7,588,642 7,588,928 7,589,059 7,589,368 7,587,916 7,588,316 7,588,770 7,587,970 ,591,080 7,591,392 7,591,775 7,511,703 7,512,407 7,512,844 7,514,383 7,514,395 7,587,752 7,588,277 ,588,656 I 19 84 ,268 9,536 7,589,078 7,589,786 7,583,569 583,538 585,051 ,587 6, 43 ,585,450 ,586,018 ,587,041 
